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"Temco Electronics, Dallas 22, Texas, 4 KW VF LIN AMPLIFIR, July 25,

1962, 130 pP, including 13 illus- and 2 tables, Final Report."

A BS TRACT

On 6 June 1961, the Federal Aviation Agency and Vought Electronics, Division

of Chance Vought Aircraftp Incorporated, entered into a fixed' price contract

(FAA/BRD-A00) to develop and fabricate a long distance VO communication

ground linear amplifier. The procurement specification was the specification

for Project 113-8 issued by the Development Division, Communications Branch

of the Bureau of Research and Development.

A breadboard of the amplifier was designed and tested to insure electrical

compliance with the specification requirements. After satisfactory completion

of tests on this unit, two prototype amplifiers were completed and delivered
to the FAA. Each amplifier utilizes two ceramic ML 7007 beam power tubes

in push pull operating class A-1 in a grounded cathode circuit. With the

exception of these tubes, the entire amplifier is of solid state construction,

The amplifier was designated tyPe FA-5438.
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1.0 PugRPos

The purpose of this contract was to develop a high power VHF linear

amplifier to be used in a forward scatter co iunication system being develop-

ed by the FAA. The amplifier was to be designed specifical-ly for operation

in conjunction with an FA 5270 driver and a M.24 exciter, and was to include

space for mounting these units in order to provide an overall AWN transitter

covering the frequency range of 118 to 136 mcps. This high power amplifier,

operating class AD was to provide 400 watts of carrier power, (16,000 watts

P.9.P.) with an input of no more thAn 100 watts.

1.1 FACTUAL DATA

Table 1 gives the characteristics of the VHF amplifier developed in

this contract. The Amplifier satisfactorily completed an acceptance test,

a 350 hour life test, and an environmental test. No specification waivers

were required. Test data on both of the prototype amplifiers is included

in this report.



NQUIPNFm CEamACTERITICS

~401 V& Linear Ampifier, Type FA 5LI38

Procurement Specification Project u.-3-8
Frequency pangs- 1-18"136 mo-ps

-Input Sigmnal One amplitude Modulated VY
Signal

Drive Requirement 100 watts carrier power

Output Signal ftie amplitude modulated RV
Signal

Output Power 4000 watts carrier power

input impedance 50 ohms nom~ina.

Output Impedance 50 ohms ad-Mii

Isoltion30 db minimum

Distortion 5 per Cent maximum

Power Requirements Trepase, 60 cps$ 208 volts,
line to line, 30K

Associated Driver Type FA-5270 100 watt linewz
amplifier

Associated Exciter Typ T-24 W-att xio

Weighit

Crated WOO0 pounds

11ncrated 3000 pounds

Table I
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2.0 SYSTD4 PHILOSOPHY

2-1 Reliability

Reliability was given prime consideration in the design of the subject

Amplifier. Solid state components were used wherever practicable in

preference to tubes to increase the theoretical WV of the amplifier.

According to specification MIL-A.m-474i, the folloving equation is used

for WB:

Pr  30 (10)-6 (Nt) 1 15 (io)6 (X.) / 2 (1o)"  (S) ( 0.5 (10)- 1c
1 /Fr

where Nt is the total number of tubes

Mm is the total number of motors and relays

Ns is the total number of semiconductors

Nc is the total remaining components.

Thus, semiconductors are considered to have a lifetime fifteen times greater

than tubes. This contributes greatly to increasing the over-all IIMBF of

the unit. The calculated MIB is approximately 2,000 hours.

2.2 Maintainability

Maintainability was a lso given stron- consideration In the design of the

amlifer. It would be possible to package the amplifier in a smaller

enclosure than the selected cabinet. The large cabinet was selected (to

be within specification requirements) but to be sufficiently large to allow

easy access to all components.
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2.3 Design Considerations

The low frequency equivalent circuit of the linear amlifier is as shown

output

Input

Both plate and grid tuned circuits are made up of half-wave lines tuned

capacitively. The tubes are a pair of Machlett ML 7007 beam power tetrod'es.

A grounded cathode circuit, instead Of a grounded grid circuit- was used to

obtain a higher gain circuit. Two tubes were used instead of one because

no Single tube could be found that would allow meeting all the specification

requirements. The ceramic type ML 7007 tube was used in preference to the

glass type 6166 tube because it requires less drivep will operate at higher

temperatures without failure of envelope, and because its demonstrated ilfe"

time is longer. The HL 7007 was designed to be physically interchangeable
with the 6166 and, as a result, has certain limitations. The filaments In

the ML 7007 are brought out on posts instead of being brought out to coaxial
rings. The inductance of the exte and internal filament posts limits the

upper frequenc~ ~nge Of the tube. In addition, this cantilever fla nt
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structure is not as rugged as would be desired, and, extreme care must be used

in installing or removing a tube to prevent damage Of the filament structure.

Even with these limitations, the A 7007 appeared to the best available tube

for this application and, as a resultp was used.

Push-pull operation was used instead of parallel operation Of the tubes to

provide a lower second harmonic content. Class ABi operation was used to

provide a more constant input impedance than would be possible with Class AB2

operation, This more constant input impedance, in turn, results in a more

over-mall linear system. To allow the required power ievel with Class AXi

operation, a relatively high screen voltage was Used (approximately 1825 volts).

This high screen voltage also contributes to a high gain amplifier.

The bias point for each tube was selected (when the amplifier is keyed) to

be as near zero as considered safe with respect to plate dissipation. This

bias point of -40 volts results in a zero signal static plate current of

approximately 1.25 amps. With 10 percent high-line voltage, this (worst case)

plate dissipation Is approximately 10 KW which is near the 12 KW limit Of the

tube. This bias point is undesirable from the viewpoint of power consumption

but is needed in order to provide a high signal to third order distortion

ratio needed for single sideband operation. No tube characteristics are

available from Machlett for a screen voltage of 1800 volts. Based on

extrapolation of data at screen voltages of 8 a 1000 volts, it appears

that the zero signal plate current corresponding to maximum signal to

distortion ratio for a screen voltage of 1800 volts would be approximately

1.5 aps. This would result in excessive plate dissipation for the tubes;

hence, the bias point was chosen a4 high s considered safe with respect to

plate dlsuipatlon.



In the unkeyed condition, the bias point was chosen to minimize power

consumption as far as practicable while still allowing specificati~n

requirements to be met. It would be undesirable to completely cut off the

tubes in the unkeyed condition since intermodulation signals would be

generated by the amplifier in the presence of strong interfering signals.

in the A 7007 tube, the interelectrode capacitances evidently change

somewhat with plate and screen dissipation. This detunes the amplifier

and limits how low the screen and plate dissipation can be reduced during

non-keyed conditions. A blas voltage of "160 volts corresponding to a

plate current of approximately 0.62 amps was chosen as a compromise to

reduce the power consumption to a minimum without detuning the amplifier

a significant amount.

The gain of any linear amplifier is a function of the screet voltage

and the filament heating. If the Screen voltage were not regulated, it

would decrease with applied RF voltage swing. This decrease in screen

Voltae would, in turn, decrease the gain of the tube with input Voltage

swing causing a rounding or flattening of the output wave shape of the amp-

lifier.

If the screen volta ge were not regulated, the screen Voltage would also

increase with the input line voltage. The filament voltage, if unregulated,

would also increase at the same time. Both these conditions would increase

the gain of the amplifier. A decrease In input line voltage would cause

the gain to decrease in a similar Mawer. Thus, the screen voltage was

regulated In this amplifier to provide a more linear amplification and
to prevent variation of amplfier gain with input line voltage variation;

The filament voltage we* also regulated to prevent amplifier gain variation

with line voltage variation.
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3'.0 TECMIICA DIWCSSON

Fr puposes of discussion, the Mplifier can be considered to be tco-

prised of the following Units:

1. Power Distribution and Control

2. Rt. F. Amplifier Assemibly

3. Harmonic ilter

4. High Voltage Supply

5. Screen Voltage Supply

6. Bias Voltage Supply

7 Pi-ament Supply

3.1 POWER DISTRIBUNIC AND CCiRO(L

The amplifier was designed to operate fra 208 volts line to line, 60 cps,

four wire source. Approximately 30 KVA is required. The power distribution

and control circuitry provides proper sequential application of this primary power

to the amplifier upon energization, provides protection of the amplifier during

overload conditionsp provides interlocks for safety, and provides proper sequentil

removal of prmary power dring shutdown of the amplifier. Provisions are incor-

porated to allow connecting the high voltage transformeAs p--- eth- e in a

delta or wye connection. When delta connected, the plate supply voltage is

approximately 7500 voltsa and when wye connected the plate supply voltage Is

approximately 4300 volts. The lower plate voltage is provided to allow tuag

or reduced power operation.
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3.2 R. Pi. AMPLIFIER ASSEMLY

Figure (6) shows the RF amplifier assembly. Initially it was intended to

use a quarter wave shorted line for the plate tank circuit, and a half wave open

line for the grid tank ,circuit. Calculations were made for the plate tank cir.

cuit which appeared satisfactory. Using brass tubing sufficiently large to

allow finger stok c ontact around the anode radiator of the tube (6.5 inches

o.d.), a line spacing to provide a 131 ohm characteristic impedance, and a line

length of approximately six inches, it appeared that little difficulty would be
encountered in tuning the 118 to 136 mpcs range by use of a 5 to 25 uuf capito

connected from plate to plate. Lines were fabricated. and spaced a sufficien&t

amount above a brass plate to Simulate the 22 uuf nominal plate to screen capaci-

tance of the tube. Tests agreed reasonably close with the calculations. However,

when the tubes were received and cold tests made with the tube capacitances in

the circuit, the line length had to be reduced to such a degree that it would not

be possible to properly couple to the output bun. Tests on the tubes indicated that

the actual screen to plate capacitance was approximately 40 uuf instead of the 22

uuf listed in the tube data sheet. In view of this., one half wave leogth lines

were substituted for the quarter wave length lines.

The plate lines used were 6.5 inches oqd. and spaced 10.75 inches apart.

This gives a characteristic impedance in free space as follows:

z op 120 cosh" ! D/D

120 cosh 1 10.75/695 - IM OW
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Th atul heacteri tcIpdnc nter box would be slightly different

due to the capacitAnce between the lines and the sides and ends of the rf box,

but the difference is smll6

At the upper end of the frequency band, 136 mcps, the ratio of the tuning

capacitance admittance, Y.I, to the line admittantce,, Yop -is as follows:

in/'o - lfcIzop

where cl is the tuning capacitance, an f is the frequency or operation.

Yc.p- 2 (13-.14)(l0)(10)"'(131) (136)(lo0

se 1.12

This assumes that at the upper end of the frequency band a capacitance of

10 umuf is to be used. From the foll 'Ing page, it can be seen on the Smith chart

that this point is represented by point A. At this sawe frequency,, the ratio of

the plate to plate capacitive admittance, Ycp to the line admittance Ypis as

follows:

1cp /YOp t 2W p 7op

-2 (3.l1&)(2)(10) 12 (136)(10) 6 (131)

This is based4 on the actual tubpe plate to screen capacita being 40 uuf
Instead of the advertised 2uuf, thus giving a plate to plate capacts e f2

uuf. Mei point -is represented as point B on the Smith chart. Point A corres-

ponds to 0.34& wavelengths, and Point D corresponds to 0.316 wavelengthis; the

differenc being 0.182 wavelengths. Onie weven1ength at this frequency is as

follaws:
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v/f a X0)8 W6)(100 2.2 meters 86.6 inches

0.182 o 15.8 inches

Thus at this frequeney, with a line length of 15.8 inches whose character-

istic impance is 131 ohms, 10 uuf capacitance will cancel out the 20 uuf capa-

citance between plates giving resonance, Since the plate of the tube is Actually

between one and two inches below the bottom of the anode radiator on the ML 700?

tube,, and since approximately two inches more lead length is involved in attach-

ing the capacitor plates to the lines, the brass tubes were made 12 inches in

length

Plate Line

111111 Plato Radiator4

____ Plate Ring

Screen Ring

Orid RIn-..... Filamts

With this length of line the tuning capacitance required for tun ng at the

lower end of the band, U8 mops, can now t calculated. At %. frequency;
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2.24 1.945
Sop 136

S -3(-)- 2.54 meters 1 100 inches
.1 io)

Assuming the overall line length to be approximately 15.8 inches

-15.i8" - 0.158 wavelengths
100

The point representin OcP - 1.945 is point C on the Smith Chart. This

corresponds to .326 x. Going o.158 wavelenhs toward the load on the Smith

Chart gives point D which corresponds to *ek 6 This gives 1 1.77 at 0.168 7
¥op Yop

Tc 5 1.77 ao9M I  6628 (cL)(11)(18)(lO1 6
Yop "ZP

C1 - 18.3 uuf

Thus a 5 to 25 uuf plate tunng capacitor should be more than adequate for

tuning the 118 to 136 mcps range. Initially a Jennings 5 to 2 uuf vacuu capa-

citor was used in the amplifier. Even with air coolin of this capacitor, the
drift in capacitance was excessive so a higher cuent rating capacitor, an 8

to 40 uuf capacitor was substituted with somewhat better performance but with

still excessive driM. Tests made on the capacitor revealed an excessive tem-

perature rise at the end of the capacitor contatining the bellows. The imnufactuwer

was contacted about the problm, and a fix was reccnended by Terco Electr onics

to allow the RF current to bypass the bellows. In the Jennings capacitor at VEF

frequencies, the bellows act as a resistor since most of the current is located

near the surface of the bellows due to akn effect. This heating from the belloaw
is transferred to the connected plates, causing a ex si of theso plates and

a resultant increase in capacitance. Figure (1) shows the Jennings capacitor,

and Figre (2) shows the recomended chage. Due to the requr ti sale,
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Temco Electronics could not afford to wait for a fix) and an air type capacitor

was substituted for the vacuum capacitor.

The air type capacitor was made of two circular plates 7.5 inches in diameter.

With this diameter, the capacitance as a function of plate separation, in inches#

d., is as follows:

d d
Thus, for a capacitance of 10 uuf of 136 mcps

d - .99 inches
10

and for a capacitance of 18.3 uuf at 118 mcps

d - IL .5n.4 inches
18.3

The 0.54 minimum spacing of the capacitor plates should provide a voltage rating

in air of 40,000 volts which is sufficient for the amplifier application as lang

as the amplifier is properly loaded.

Actual tests on the amplifier showed the required spacing of the capacitOr

plates to be approximately 0.Q4 inches at 118 mcps and 0.8 inches at 136 mcps.

The grid lines in the 4 kw amplifier were made of brass tubing, 1.375 incheS

o.d. spaced 3.25 inches apart. This gives a line impedance of 180 ohms

Z - 120 cosh"1 D/D - 120 cosh"! 3.25/1.375 - 180 obms

Ass~ming that 7 pf will be used to tune the half wave line at 136 mops, the
ratio of the tuning capacitive admittance, Yo is as follws:

Tci/ og 2 11 f C zo9

_ 2(3.114)(136)(lo)6(7)(lo)-2(18o)

-1.07 

This point corresponds to point E on the included Smith chart. From the

tube data sheet using the 103 uuf total grid to Pound Input capacity, gives

apprQxMtely 52 uuf, grid to grid capacitance. The ratio of grid to grid

capacitive admittance, Ycg' to the line admittance, TO is as ollw.:
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c-/gw 2(3.14)(136)(1O)6(52)(10)12lo

8.
This point eorrespons to point F on the included Stmith chart. The diferene

in wavelengths between these points is as follows:

0.27 - 0.13 - .4 wavelength

O.1(86.6) - 12.1 inches

Allowing 0.1 inches for capacitor brackets, and assuming the lines are approx -

tely 2.5 inches from the grid structure in the tube, leaves 9,5 inches for the line

length. The grid lines were cut to this length. The tuning capacitance required

for tuning at 118 mcps can be calculated as follows:
/o .(3.14) (18) (lo)6,(5)(oi(10

- 6.95

YCg is the capacitive admittance of the tuning capacitor and Yog is the grid line

admittance. This ratio corresponds to point G on the Smith chart. Going 12.1/100

wavelengths toward the load gives point 1i which gives the required Yci/yo0 -l.

!ct/yog 1.1 m 21(3.4)(8)(0) 6 (c)(lO) 12(lO)

- 10.5 uUf

Thus a capacitance of 10.5 uuf is required for tuning at .18 mcps. The actual
capacitance required during test for tuning was not measured, but based on the

capacity versus turns da supplied with the capacitor, it appears that approxi-

mately 8 uuf was required for tuning at 136 mcps, and approximately 12.5 uuf was
required for tuning at 118 mcps. These figures -are reasonebl close to the cal-

culated values, considorinz the accuracy of the paraters involved.
initial cold tests on the RF amplifier assem y shoved low iso tion betweefn

the grid and plate circuits. Insufficient voltage was available at the grid ring

of the t obe to allow conventional cross grd to plate neutralization. In adtion,

the problem of neutralization was co!1cated by the self _neutralizatio frequency
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of the tube falling within the 118 to 136 mcps range. 'It can be seen from the

the preceding calculations (Point P on the Smith Chart) that the electrical

center of the half wave gid lines is only 0.02 wavelengths from the Vid. This

corresponds to 1.7 inches at 136 mcps, and 2.0 inches at 118 mcps. Thus the

voltage minimum on the halfwave lines is almost at the tube gid ring. This

verifies that there should be very little voltage at this point for conventional

cross neutralization. Since this voltage maximum (current mininum( is near the

top, of the grid lines, a loop was added near this point to inductively couple a

signal for cross neutrailization. The loop worked satisfactorily except that a

reversal of phase was required in the frequency band. Repeated attempts to lower

the screen inductance by better bypassing giving shorter paths to ground failed

to raise the self neutralization frequency out of the frequency band. Only by

directly shorting of the screen ring to ground could this be accomplished. Thud,

it was decided to ground the screen of the amplifier, and to operate the bias

and plate voltages with respect to the screen. With the screen grounded, the

neutralizing loop worked properly without requirng phase reversal throughout

the band. Figure (8) shows the neutralizing loop between and in front of the

grid lines. The movable short allows adjustment of coupling to provide optl-m

isolation. The amplifier when properly neutralized has 35 to 40 db of isolation

between grid and plate circuits. For a given set of tubes the movable short,

once set, requires little if any change over the frequency band.4

Due to the p hyslcal size of lines, cabling, brackets, etc, i the E opi-

fier, it was not possible to remove all the resonances in the VH-W frequency

range. For example, in Figure (8), it can be seen that the filament leads, the

wires attached to the grid chokes, the grid chokes, the input balun, capacitor

brackets, etc. are all going to be resonant in this frequency range. All these
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resoaes that could not be removed were staggered so that no resonance in the

grid circuit was near the same frequency as any resonance in the plate circuit.

Resonance tests were initialW- made with a 50 ohm d load attached to the In-

put balun, and as a result, scme reson-ances in the plate circuit of the FA 5270

dr-iver were overlooked. One resonance near 350 mcps together with a 350 mcps

resonance in the plate circuit of the 4 kw amplifier caused an oscillation at

this frequency. To remove this instability, a quarter wave trap was added to the

input balun. The harnonic filter In the output coaxial cable of the 4 KW amplifier

was also moved so that the first inductive element was more nearly an odd number

of quarter wavelengths fran the output balun. This was done to provide more of a

load on the amplifier at this frequency, thus lowering its gain.

3.3 HARMOIC FILTER

Since the second harmonic frequency in a push-puli linear amplifier is

normally very far down from the fundamental, little additional filtering should

be required of this frequency to insure that it is at least 60 db down from the

fundamental. In this 4 KW amplifier, the: second harmonic frequency was approxi-

mately 54 db down with no filtering. Due to this the harmonic filter need not

have a sharp cutoff characteristic in order to suppress both the second and third

harmonics. The low pass filter used was made up of four constant K sections

mounted in 3 1/8 inch coaxial housing. The :filter with its outer conductor

removed is shown In Figure (0). Design of the filter was conventional. Cutoff

frequency was chosen to be 20 mcps, and the filter was designed for 50 ohms to give

minimum insertion loss at 127 mcps., the center of the band. The spacing between

the capacitive elements and the inside of the cmc outer conductor is approxi-

mateoly 0.312 inches. Assumi "needle ap"characteristics due to the sharp

edges of the elements, this gives approximately 900 volt breakdown voltage.
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The filters were actually tested at 10,000 Volts without breakdown. The required

power rating of the filter is 16,000 watts corresponding to the peak envelope

power. Assuming 20000 watts for safety, this gives a Voltage requirement as

follows:

t2/50 - 20o0

B - 1000 volts rms

Epeak F 1414 volts

This assumes no standing waves in the filter. With a high vswr, assuming the

same forward power, the voltage at a standing wave makimum could reach twice

this value or 2828 volts. Thus, the 10,000 volts breakdown should be more than
adequate even considering humidity, altitude, and temperature ranges. The fil-

ters characteristics are as shown in Figure (3). The actual cutoff frequency

Of the filter agrees reasonably close to the 200 mcps calculated value. This

high cutoff frequency was chosen to minimize insertion loss over the 118 to

136 mcps passband, and also to provide a load on the amplifier at higher fre-

quencies for stability considerations. The point of minimum insertion loss

appears to be approxitely 10 mcps higher than the227 mops calculated.

3.4 HIGH VOLT AG SUPPLy

The high voltage supply Is a conventional three phase supply utilizing

full wave rectification with a series choke input filter. The primary windings

of the plate transformer are capable of being connected in either a Wye or Delta

connection to provide either 4300 or 7500 volts plate supply votaRge. The supply

is entirely of solid state construction utilizing six stacks of silicon diode

cells for rectification. Each diode is bypassed capacitively and resistively

to equalize inverse voltages. To lmt surge currents through the diodes,
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resistors are iaitial-ly placed in series with the filter capacitors. The re-

sistors are shorted by a vaOuum switch two seconds after the high voltage supply

is energized. This protective feature may not be required for the rectifiers

being used, but in view of the cost of a set, the time scale for delivery, and

the limited quantity of amplifiers being built, it was incorporated in the two

prototype units.

Ten per cent line reactance is provided in the primary Of the plate trans-

former to limit the surge current that can be drawn from the transformer. Thy-

rite varistors awe connected across the dc chokes and line to line across the

secondary of the supply to limit voltage spikes which otherwise could possible

exceed the peak inverse voltage rating of the rectifiers. Each rectifier stack

is rated at 20O00 volts peak inverse voltage which should be considerably more

than required in this power supply.

Overload protection of the supply is obtained by the high reactance of the

transformer and from a series overload relay. Due to the ten per cent reactance

of the transformer, less than 30 amps can be drawn from the supply under short

circuit conditions. The rectifiers will withstand this overload current suffIj

ciently long for the overload relay to de-energize the supply. This overload

protection was unintentionally satisfactorily tested in the breadboard amplifier
when the plate supply voltage was shorted to ground due to insulation melting

in the EF amplifier. The polyethylene insulation melted due to rf heati . As
a result of this, teflon insution was used in place of the polyethylene.

3.5 SCREEN VOWAM SUPPLY
The screen voltage supply is a series regulated, soid state power supply.

The input voltage for the supply is furnished by three constant voltage trans-
formers. The series regulator in the supply mIntains a constant output voltage

as the current drawn fru the supply varies from 0 to a u. and as the lie

voltage frequency varies plus or minus 1.5 cps from the nominal 60 cps.



3.6 BIAS VO AG SPLY

The bias voltage supply is also a series regulated solid state supply.
The input to the supply is regulated 115 volts ac, 60 cps, single phase. The

bias and screen supplies are interlocked so that loss of bias voltage disconnects
the screen voltage from the amplifier. In keying the apifier, the bias voltage

is reduced frm E-160 volts to -140 volts to increase the gain of the amplifier.

Test results on the bias and screen voltge supplies are given in Table ( ).

3 7 FIIAN E SUPPY

Each filament draws 180 amps at 5 volts frcn an individual transformer.

A separate filament transformer is used for each tube to allow monitoring ina-

vidual cathode currents. The primary winding of each transformer is suppi' d

with regulated 11--5 volts ac from constant voltage transformers. The high re-

actance of the constant voltage transformer limits the inrush current to a safe

value when filaments are first energized.
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4.0 SUMMARY

A 4 )W carrier power (i6 KW P.E.P.) V inear amplifier was developed which

covered the frequency range of 118 to 136 mcps and which satisfied the require-

merts Of the FAA specification for Project 13m8, With the exception of the

two ceramic beam power tetrodes, the entire amplifier was of solid state

const-uetion. Two ML 7007 tubes operating Class ABi in a grounded cathode

circuit were used in the amplifier. An V hai'-monic filter made of varying

ZO line sections was used to reduce the second and third hamonic content Of

the amplifier to the specification levels. Sufficient metering circuitry

was included to alow easy set up and tuning of the amplifier. Power

distribution and control circuitry waa included to automatically sequence and

interlock the applied voltages during starting and stopping of the amplifier.

All components in the amplifier were significantly derated for reliability

considerations.

Two of the amplifiers were completed, satisfactorily tested to insure

compliance with the specification requirements, and delivered to the Federal

Aviation Agency. The first unit was shipped from Temco Electronics on

25 June 1962. The second unit was shipped from Temco Electronics on 26 July

1962.
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BIAS SUPPLY TEST DATA

TEMEAUR PERC3NJe VARIATION oul Or m REGULATOR RIPPLE
VOLTAGE DC VOLTAGE DROP

25C 0% 131.0o VDC 33.60 VDC 50 wv PP

57*C -. 5%130.4 VDC 34.5 V DC 50 wy PP

6O*C .06% -130.2 VC -36. i o w 50 myv PP

6!6c M..06% 130. VWC 33.0 VDC 50 wv PP

25tC 0% 131.0 vC 33.0 VWC 50 w PP

146C +.07% 131.9 VDC 32.0 VDC 50 my PPx

l-00C +.09g% 132. 1 VDC 31.7 VW-C 50 wy PP

6oc +.09% 132,61 VDC 32.0 VTh 50 wv PP

-C+I.0% 132.3 VWC 32.0 VDC 50 my PP

"15C+1.0% 132.3 VDC 345VC5 yP

SCREN SUPLY TEST DATA

TEMERAUE PECM VARIATION am"PU1 RE0ULATOR RIPPLE
VOLTACM DC VO[WAGM MOP

26oc 0% 1625.0 157.0 VDC 1.0 VPP

316C 0% 1625.0 156.0 VDC 1.0 VPP

io~C +-035% 1630.0 160.0 vDC 1.25 VPP

50"C + -065% 1635.0 155.0 VDC 1.25 VPP

66c+.os 640.0 147.0 VDc 1.50 VPP

219C 0% 1625.-0 143.0 VDC 1.0 VPP

-.* "035% 1620.0 145.0 VDC 0.75 VPP

"101C M,065% 1615q,0 155.0 VDC 0.75 VP

.19C -. 095% 1610.0 157.0 VDC 0.75 P

Table 2
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PART II

RECOM TIONS

1.0 In future units, consideration should be given to using different type

rectifiers in both the screen and high voltage supplies. Improved silicon

rectifier stacks are now availabe that are smallerp have higher peak current

ratings, and do not require resistor and capacitor bypassing of individual

celle.

In future units, an investigation should again be made concerning the

use of a vacuum variable plate tuning capacitor. A new line of variable

capacitors in development by Jennings uses ceramic instead' of a glass housing,

These capacitors are supposed to have higher PR current ratings for a given

size than their present units. The vacuum variable capacitor would be easier

to tune than the present air type, would cover a wider capacitance range

and would probably be less expensive.

The gain of the amplifier is somewhat lower at 136 mops than at 118

mcps. This is believed due primarily to increased transit time loading.

When the amplifier is used in conjunction with the FA-5270 driver, it is

recomnended for maximum over-all system performance that the FA-5270 driver

be adjusted to provide approximately 120 watts instead of 100 watts output
at the upper end of the frequency band. With this higher input power, the

output coupling can be made tighter while still maintaining 4OOO-watts

carrier output. This tighter coupling (steeper load line) gives a wider

RF bandwidth and also minimizes downward carrier shift with maximum

modulation.
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PART III

1.0 ACCEPTANCE TEST SPECIFICATION

1.1 General Provisions

Tests will be made on one of the two prototype Amplifiers to demon-

strate that it satisfactorily meets the requirements of the FAA Specification

for Project 113-8. These tests will be perfored at the manufacturers

facility and will include the f6lowing:

a. General Performance A Prior to either the environmental tests

or the life test, general performawce tests will be run to check out the

amplifier at approximately 2 mcps increments across the frequency band.

b. 350 Hour Life Test -One of the two prototypes will be subjected

to a 350 hour life test in accordance with paragraph 4.3.1 of the specifi-

cation for Project 113-8. Records will be maintained and submitted to the

Federal Aviation Agency prior to delivery. Data readings will be recorded

at 12 hour ntervals. Completed records will contain information on operat-

ing time, adjustments, malfunctions, replacement, and corrective action

if required.

1.2 Approval of Tests - This specification shall be approved the Federal

Aviation Agency prior to conducting tests.

2.0 GENEL PERFORMANCE 4
One of the prototype amplifiers will be tested in conjunction with

one VHF exciter, type TV-24&, ad one linear VHF driver* type FA-5270.
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2.1 Test Conditions - The conditions under which the equipment will be

tested are noted in the following paragraphs unleas otherwise noted in the

description of an individual test.

2,.li Line Voltage " The line voltage will be adjusted by variable transformers

to insure 208 volts 60 cps line to line.

2.1.2 Amplifier Input m The exciter and driver will be adjusted as required

to provide 100 watts / 0 percent, -5 percent.

2.1.3 Amplifier Output - With an HF carrier power input of not more than

100 watts, the amplifier output will be adjusted to provide at least 4000

watts carrier power into a 50 ohm resistive load.

2.1.4 Modulation applied to the low level TV-24 exciter will be such as to

provide 90 percent modulation. Modulation will be checked at 300, 400, 700,

100, 1300, 1600, 1900, 2200, 2500, 2700, 2900, and 3000, cpa modulating

frequency. These tests will be performed at low, medium, and high frequencies

in the 118 to 136 mc band.

2.1.5 Test Frequency - Tests will be repeated at aLpproximately 2 mcps

increments across the 118 to 136 mops frequency band unless otherwise

specified.

2.1.6 Ambient Temperature - Ambient temperature will be normal laboratory
temperature,

2.2 Carrier Power Output - The carrier power output shall be at least

4000 watts at each of the test frequencies.
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2.3 Carrier Shift with Line Voltage - The line voltage (line to line) $hall

be varied from 182 to 225 volts. Carrier power shall not vary more than 400

watts from the nominal .000 watts.

2.4 Carrier Shift with Audio Modulation - Carrier Shift shall be -les

than 400 watts from the nominal 4000 watts at up to 90 percent modulation.

2.5 Audio Distortion m The distortion of the signal input to the amplifier

shall be measured, as well as the distortion of the signal output. The output

distortion shall not be more than five percent greater than the input

distortion.

2,6 Isolation - With no power applied to the amplifier, the grid and plate

circuits will be tuned to resonance. A Signal will be applied at either the

input or output and the attenuated signal will be measured at the other

connector. The attenuation of the signal will be at least 30 db.

2.8 Load VSWR - Using a load to provide a VBWR of 2/1, the amplifier

will be tested. Power output shall not decrease by more than 400 watts

from the nominal 4000 watts as the coax line lenth to the load Is varied

in approximately 0.1 wavelength steps.

2.9 Low Power Operation - At one of the test frequencies, the aplifier

will be changed to allow low power operation. The output of the amplifier

will be less than 20 watts with no more than 100 watts input. Carrier

shift with audio modulation (90%) will be less than ten percent. Audio

distortion added by the emplilfier will be les th fIve percent.

2.10 Input Impedance - With the grid circuit tuned to resonance, the input

VOWR Shall be less than 1.6 to 1.
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2.11 Spurious and Harmtlic Radiation - Tests shall be made at each of the

test frequencies to insure that spurious and harmonic radiation are at least

60 db down from the fundamental frequency.

3.0 350 HOUR TEST

The 350 hour life test shall be conducted at a frequency of 127 mcpa (mid-bad),

The test wili be continuous, 24 hours a day until completion of the test.

3.1 Test Cycle - The exciter, driver, and amplifier will be set up at

the test frequency. With 100 watts / 0 - 5 percent input, the amplifier will

be adjusted to provide in excess of 4000 watts output. A test cycle will be

set to provide automatically the following repetitive sequence.

(a) ten minutes carrier off

(b) five minutes - carrier on

3.2 Test Data - At 12 hour intervalsp the following tests will be made and

all pertinent information recorded. Retuning should not be required during

this entire test.

(a) carrier power output

(b) carrier shift with modulation

(c) modulation distortion at 300t 1000o and 3000 cps

4.0 ENVIRONMENTAL TEST

4.1 Temperature and Line Voltage - Install the amplifier in the altitude

chamber and set up at the test frequency of 127 mcps for 4000 watts carrier

power. Reduce the temperature to "10°C with power applied to the equipment

but with no keying. Allow the chamber to stabilize at "100C for thir ty minutes.
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Turn arrier on by keying the exciter, and measure carrier power. Reduct

the line voltage to 182 volts and repeat. increase the line voltage to

225 volts and repeat. Record test data. Turn the erquipment off and reduce

temperature to -55OC. Allow the chamber to stabilize at this temperature

for 30 minutes.

4.1.A increase the chamber temperature to room temperature and turn the

amplifier back on. Operate for five minutes at this temperature to determine

any possible malfunction due to the low storage temperature,

4.1.2 Increase the chamber temperature to 600c and allow it to stabilize

for 30 minutes. Turn carrier on and measure Output power. Check output

power also at 182 volts and 225 volts line voltage. Record test data.

Turn the amplifier off and increase the temperature to 700C. Allow the

chamber to stabilize for thirty minutes at this temperature.

4.1.3 Return the chamber to room temperature and operate the amplifier for

5 minutes to determine any malfunction caused by the high storage temperature.

4.2 Altitude At room temperature and normal line voltage, decrease

the pressure in the chamber to simulate 10,000 feet altitude. Allow the

chamber to stabilize for 30 minutes. With carrier on, record test dat.

4.3 Humidity - With amplifier on buy unkeyed, bring the relative humidity

up to 95% at room temperature and pressure equivalent to sea level altitude.

Leave the amplifier in the environment for four hours. Apply carrier

5 minutes out of each 15 minute period. Record test data at one how intervalas.

5.0 TEST PROCEDR



31

5.1 isolation m The following test procedures are to be Used in performing

tests given in peragraph 2.6 of this specification.

5,1.1 Basic Test Setup w Refer to Figure IA end connect the 4 XW linear

amplifier as shown The following equipments or their equivalents are required

for this test:

Equipment Quantity

VHF Signal Generator (HP 608D) 1

Coax Reducer (31/8 to N connector, Andrews #2262) 1

VSWR and DB Meter (Hewlett Packard 415B) 1

Crystal Holder (PRD 613D) 1

Crystal (iN21B) 1

Attenuator, 6 db 1

Coax Cables (RG-8, RG-87, or equivalent)

Coax Connector (Barrel Type-N) 1

5.1.1.1 Detailed Test Procedures - Set the modulation frequency of the signal

generator to 1000 cps. Set the signal generator On the desired frequency,

18 mcps. First set the variable attenuator on the sia generator initially

to 0 db. Peak the output level with the TRIMMR then reduce the power with

the OUTPUT LEVEL knob. Set the MOD LEVEL knob to give 90 percent modulation.

On the DB meter, set the BOLOMEER-CRYSTAL knob to the CRYSTAL positlon, and

set the DB scale to the 0 db range. Adjust the GAIN control on the DB Meter

to give a zero db indication. If zero db cannot be reached, increase the

output level or modulation level of the signal enerator; or drop down to

the -10 db scale on the DB meter and zero the DB meter on this scale with the

GAIN control. Disconnect the two coax cables from the brel connector ar

connect as shown in Figure LD.
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Use the same coaxial cables as previously used, and do not disturb the Bettings

on the signal generator. Remove the lower front panel from the 4 K ARF box and

move the short on the neutralizing loop up as far as possible to provide

practically no neutralization of the amplifieri Replace the panel. Using the

ORIM TUNE and PLATE TUN dials, tune the amplifier to peak the reading on the

DB meter. Initially, drop to a lower scale on the DB meter to allow peak meter

tuning. After the amplifier is tuned, again remove the front panel from the

lower section of the amplifier and lower the short on the neutralizing loop

to the point corresponding to 118 mcpsi Replace the front paneI, and check

the reading on the DB meter. The difference between this reading and 0 (or

-10 depending on the initial scale used) gives the isolation between the

input and output of the amplifier. This isolation should be at least 30 db.

Repeat this entire procedure at 2 mcps increments from 118 mcps to 136 mcps6

Isolation at each frequency should be at least 30 db. NOTE: (I) Isolation

is independent of modulating frequency; but since a tuned amplifier is used

in the DB meter, a modulating frequency of 1000 cps must be used, and (2)

tests are to be made with no power of any kind on the amplifier. (Previous

tests have shown practcally no difference between tests with and without

flament voltage, the isolation being one to two db greater with filaments on.)

5.2 Carrier Power Output - The following test procedures are to be used

In performing tests given in paragraphs 2.2, 2.9 and 2.10 of this specification.

5.2.1 Basic Test Setup " Refer to Figure ad connect the 4 KW amplifier

and associated equipment as shown. Set the input line to line voltage to

208 volts. The following equipments or their equivalents are required for

this test.
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Equipment Quantity

TV-24 Exciter 1

FA-5270 Driver 1

Dummy Load and Wattmeter (Bird Electronics 2
Model 67C)

Power Divider (Temco) 1

52.141 Detailed Test Procedures - Set up the TV-24 exciter and the FA-5270

driver at a frequency of 118 mops in accordance with the applicable handbooks

covering these units. After set up, adjust R13 in the TV-24 to obtain exactly

100 watts carrier power out of the FA-527-0 driver, using the 4 KW linear

amplifier with power on as a load. before final adjustment of R13, adjust

the ORID TtN on the 4 K amplifier for minimum VSWR as read On the PA-50

driver meter. This VSWR should be les than 1.6 to one. If the minimum VSWR

is higher than this, shut down the amplifier, and readjust the coupling

between the input balun and the grid lines of the 4 KW linear amplifier.

Repeat VSWR measurement. Adjust the PLATE TUN dial on the 4 KW amplifier

for maximum output power as read on the two wattmeters. if the power is

less than 4000 watts or significantly more than 400 watts, shut down the

amplifier ad adjust the coupl-ng of the output balun, or the position of

the short on this balun. Repeat this procedure until the output power is

between 4O00 and 4500 watts for an input power of 100 Watts. After this

test is complete, proceed to tests as outlined in the following sections

before changing frequency. (At one of the test frequencies, throw the PLATE

VOLTAGE TU-OPERATE switch to th TUNE position; and using this same basic

test setup, demonstrate low power operation.)

5.3 Calrrer Shift with Line Voltage - The tollwing test procedures are

to be used in performing tests given in paragraph 2.3 of this specification.
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5.3.1 Basic Test Setup - Use the same test setup as, given in paragraph 5.2

above.

5.3.161 Detailed Test Procedures - Set the input carrier power to the 4 KW

amplifier to no mote than 100 watts by adjustment of R13 in the TV-24 exciter

to obtain exactly 4000 watts carrier power. Adjust the input ine voltage

(line to line) to 182 volts. Readjust R13, if requiredo to maintain constant

carrier input power, Measure and record the carrier power out of the 4 KW

amplifier. Repeat this procedure with an input line to line voltage of 225

volts, Reset the line to line voltage to 208 volts before proceeding to

further tests.

56.4 Carrier Shift with Audio Modulation and Audio Distortion m The following

test procedures are to be used in performing tests given in paragraphs 2.1.

and 2.5 of this specification.

5.4.1 Basic Test Setup - Refer to Figure 3 and change the test setup from

the one previously used as required. The additional equipments or their

equivalents required for this test are as follows:

Equipment Quantity

Transfer Oscillator (Hewlett Packard 54W0) !

Audio Oscillator (Hewlett Packard D) 1

Adj ust. Attenuator (General Radio 874-GA) 1

Adjust. Attenuator (General Radio 874--A)
(Modified for Inst. in 3 1/8 Coax)

Crystal Detector Mount, PRD 613D 1

Crystal Detector, lN2lB 1

Distortion Analyzer, Hewlett Packard 330B 1

Oscilloscope (Hewlett Packard 130A) 1
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5.4.1.1 Detailed Test Procedures w Set the audio oscillator frequency to 300

cps, with carrier on (input power 100 watts or less, output carrier power

4000 watts). Throw the KEYING switch at the top of the main control panel to

the TEST position. Adjust the AMPLITUDE control of the audio oscillator to

give 90 percent modulatias measured on the oscilloscope. With the distortion
analyze~, measure the percent distortion of the modulation envelope out of the

FA-5270 driver as follows: Set the 1NPF dial on the analyZer to the AF

position. Using the FREQ RANGE and the COARSE frequency dial, set the analyzer

to the modulation frequency (300 cps in this case). Set the FUNCTION switch

to the SET LEVEL position. Using the INPUT SENSITIVY knob, adjust the

signal level to give a 100 percent reading on the meter. Switch the FUNCTION

switch to the DISTORTION position. Using the FINE frequency control and

the BALANCE knob alternately, adjust until the meter indication is nulled.

The meter reading is the distortion of the modulation envelope. The METER

RANGE control will probably be on the 10 percent scale for this reading.

Remove the cable from the variable attenuator out of the FA-5270 driver

and connect the cable from the variable attenuator out of the 4 NW amplifier

to the distortion analyzer. Switch the FUNCTION switch back to the SET LEVEL

position. Do not disturb the INPUT SENSITIVITY control. Adjust the variable

attenuator in the 3 1/8 coax to obtain a 100 percent reading on the distortion

analyzer meter. Switch back to the DISTORTION position on the FUNCTION

switch and proceed to measure distortion as before. The difference in the

two distortion measurements is that contributed by the 4 KW amplifier.

Repeat these tests at modulating frequencies of 400, 700, 100, 1300, 600,

1900., 2200, 2500, 90O, and 3000 cps. At one of these modulating frequencies

(100 cps), record input and output carrier shift as the modulation is added

and removed.
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5.5- Load VSWR - The following procedures are to be used in performing

tests given 1n paragraph 2,8 of this specification.

5.5.1 Basic Test Setup w Use the same test setup as given in section 5.4

with the following exception. Shut down the amplifier Remove the dunmy

1ead from the output coax connector of the 4 KW linear amplifier and

conect a 3 1/8 to N type reducer. Connect a teflon type coaxial cable

(RG-89, CVC 6020 or equivalent) to the reducer. Conect an N type Tee to

the other end of this cable. Out of the Tee connect the two wattmeters

This gives a 25 ohm load on the amplifier which, in turn, gives a 2/ VSWE.

5.5.1.1 Detailed Test Procedures - With this loa on the amplifier, test

the distortion contribution of the amplifier and carrier shift using 300 cps

audio modulation, Test procedure will be the same as given in paragraph 5.4,

Adust the output balun for minimum carrier shift and distortion. Both must

be within spec, requirements before proceeding. Record input and output

carrier power for five different cable lengths between the N type Tee and

the Coax reducer the cable lengths differing consecutively by approximAtel

0.1 wavelength.

5.6 Spurious and Harmonic Radiation - The following procedures are to

be used in performing tests to insure compliance with paragraph 2.11 of

this spec ificat ion.

5.6.1 Basic Test Setup - The test setup for monitoring spurious ad hArmonic
radiation shall be as shown in Figue 4. Additional equipment requirements

from that previously given are as follows:
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tquipment Quantity

Noise and Field Intensity Meter 1
(9mpire Devices NF-105)

VHF Low Pass Filter (Temco 401-70009-1) 1

5.6.1i. Detailed Test Procedures a On the Noise and Field Intensity Meter (NWI

meter), set the attenuator to the 80 db position. Use the 20 to 200 mcps head

on the NFI meter. Tune the head to the carrier frequency. Adjust the variable

attenuator from the 4 KW amplifier to provide a full scale reading on the NFI

meter. Tune the head across the 20 to W mops range and monitor and record

the relative level in db of any possible spurious radiation. Disconnect the

4 KW amplifier from the NFI meter and connect the signal generator, Set the

frequency to 200 mops. Set the signal generator level to provide a certain

level on the NF meter, Leave the generator at this frequency and power

level. Switch the head on the NFI meter with the 200-400 mcps head. Tune

this head to the generator frequency and note and record any difference in

db in signal level from that previously obtained with the lower frequency

head. This difference will then be added or subtracted, as required, to

readings obtained over the 200 to 400 mcps frequency range.
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Test Equipientt
4 kV VHF Linear Amplifier

DESCRIPTON NO. AEQ.

VH Signal Generator (Hewlett Packard 608D)

Transfer Oscillator (Hewlett Packard 540b)1

Audio Osc-illator (Hewlett Packard 200C-D) 1.'

Distortion Analyzer (Hewlett Packard 330b) I

VSWR and DB Meter (Hewlett Packard 415b) 1

Oscilloscope (Hewlett Packard 130A)1

Noise dad Field Intensity Meter (Empire DeVices 1

Products Corporation, NF-105)

Dumy Load, o-600 watts1

Adjuatable Attenuator (General. Radio Type 874-U-)1

Adjustable Attenuator (General Radio 874-M, MNodified 1
and installed in 3 1/8 inch Coax

Crystal Holder (PRD 6130) 2

Crystal (I 211B) 2

Coax Reducer (Andrew #2262) 1
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Accptmee~t Spclfloat-o CA-05-00

~~.atput~yotp bau 1/2" Pd 112~p "fcn ~ce

3.4 -Cres Paht t

1.3. *AV"e Power Input

btput VU~I 1.21
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------------

-71100 .6 6i 81 0 ioo 0 -

- - I io-- --- -

_ _ l~O -400

lower ?overvr

I& % Val~ a~o 14000

3.82 volts 100oo
208 vols 100 oo -

22-5 volts 14 1100

1.8 Audilo Distortionk

LieVles208 Line ttbe -- ave Lecath 0

W5-270 fA-7Ofu

__w .2

__________L___ 0~ 0

10.0-J -- --------
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1.9 Spurious saM hrnac dat

4.000 W6tt cumrriw

d2L~ii 45 5 M

23gnd Hamic 830 MB

15- Harmonic -80D

.3,___ -82.0 MB

25.5-74.0 o

-70.0) rm

3.0 Output Umd Varlatma with 2:1 VM

Luke trotcher oUpt RUm TrmmttwruW
~Va Lensth Sbwt Positic umo Made eve'Iq

0.0__ _ _ _ _ _

0.1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.2__ _ _ _ _ _

0.4._ _ _ _ _ _ _

0.5 -

241 hftrommnt

Aibeat T mpVot w_______________________



Frequncy- 14.0,32

?e-st bghzi ow C. A.* McMill~en Date .5.6

project 36±._A.RCeean.7-.5-62

Aceptawe Tet Spoti-ficatimCV-05006

Rmzkb (Diecuse lBipumnt Failutee, etc. phere) tNbe2

9utut alu 1/" N..short p6frm yce

Detan feet Procedure Is found in _________________________ or

Accetem?*Ae Opeciflcaig CVa.J0501063

1.0 Tet Dte

Caw lZTar -"mqusecy 120.93332

1.2 Isolatlc 04 Nei~r. act Pee. 1/2_____s

1.3 czarw PFWW Input

FV-qumicy 120.9333 2 Input Fumier 100

UmP" TY 1.01

1.14e Poyer output

pro mmq 1W.93332 autpuvt Fwer 400_______

tUPut To 1.15 A



1. Azpiftor Iff itiency

72i0.6 .64i 185160

1.6 WTrIck fAvel 8bift

POW* Out Pvrin

90% XdUAt~od,9O

1.?. Power *At atabixity

input Voltae Xnu ae put Foe V&at~

2evls100 -800

208 vol.ts -100 4

22 volts 100 ip

1.8 A%4io Distortion

YO^ V--a~ ______________Lm BtretcbW w a t 0kg.

-rqac YA-t27on 4WUpm-0 VIlOUp

11.7 __ _ _ _ _ _ __ _ _ _ _ _ 2.25
10.75-

9. -- 7-6 ~

_ 7 79 . 4 T . 8  
_ _ _ _ _

~cp 2-2- 6.4

10.0 -91 0
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1.9 Spurious and fiaucabit badUtion

VftqUency 8puims Signal Level it'~

U15 -62 db EC.

99 - 5.5db REC.

33 -70.0 IS EC

949 .2nd Hamoftic m83.,0 db

363 __3rd Harmonic -81.0 db

26 78 db REC.

2.0 *atput Load Varhatima Vith, 2-1 VMM

LIMe Stretcer output Tram ota on-VA
%kV Length bcwt Positics Uod. g~od. P~e'inu

0.2__ _ _ _ _ ___ _ _ __ _ _ _ _ _ _

0.3 --------___ m

0.5

2.1 Wvra

Altitude----__________________________
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FrM,-==zY' -123.0-

Project C, hine or Abi.Oe~Jn.Dts, -56

Acceptance NotBiicto _cV-Q016_

Rearks (Discuss 130aipmft ftil%&es, et., --eL- nt awb-r 2~

Plate Tutt _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Gzld Tuae _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

--- Ntpmt balun /4" fwd -short 6"1 up from mycilex

Detail test Procedure is foemd in__________________ t

acetnc ~t Speciflcftticaid CVA405-61063

1.0 Tev% vat-a

Ruts No. Lime VQjl*a 208

1.2 Isolation 30dcb NeUti. Obwt Poo. 12

1.3 Carlea Povr Znput

frequency 123.0 InUt Powa 0

input yo. .1________________

1.4 Carter Pover Output

7re.quslcy 12.0utput loveOr 400

Otput TM 1.051
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1.5 AIlificr ZCfficietcy

______ 7,400 .64.1. 12 10 160 0 0_

710 1.20 1.25 is5_ 10 3 01 0

G-~ -0

1.6 Cmae Level shift

Pw.-vtr out povet in

40000

90-% Iobiltdbt -32002

147 P~e *At stability

InPut Voalt.a Input power Output Pover Variatiod

I& volts 10 0-W00

20 volts 1040W0 -

225 wao 100950 +50

1.8 Audio DI4tort ion

Luzm Voltev 208 Limi Strtcbor wave UMSU-th 0

FA-52j At-5g P

11.0Q 10.0. 1.0
0 

A0.7

100 ea ;Ro~
95-cf 9.95

AM Az 9.5 3. ______
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1.9 Spurous and Harmoni AMIa~tico

Frequency Bpibo81J~l 1w
4000o Vitt Carrier

314 -68DBRC

2A6. 2nd Haroni -7e

33rd B-Im-onic 82 DB

2.0 Output Mad Variaticu vlth 2: 6-j

Lime Stratcher *4put Zium -taOt

Shme Length Cort Paltiom To. 34. Pvauu

0.0__ _ _ _ _ ___ _ _ __ _ _ _ _ _ _

0.1 _ _ _ _ _ _ _ _ _ _ _

0.2 - - - - -

0.3 W--

0.4,---

0.5Ms k. ---- --- --- --

2.1 Mwfcmty,,
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Project Inbek A.R.Cevln t Z.5-62

Acceptsm est 1 poc ifca a -VA 405 0 3~~---

Bre(Dsus qijlzt Fires, etc. bee, ubO2-

Plate Tun _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

%USal Teot Frocedure is tod In__________________o

Acteptance Test speciricatiaon qVA-I05-.0063

Run~ go.,1 Line Voltap 20

1.1 Carier "-%quucy, 125.0

1.2 x@iutlc 30do Iuw. Ubint Pee. 1/2"1

1.3 Carrier Povw Input

7*equency 12 00 unut ftovu 98

Input T" 1.02 z 1

1.4b Carter Pwmw Ostput

P~q5C) 125.0 Output Pow 4&00 __



1.~ AVlifiler Ifficl0 ewcy

B+ KAI NA__ - Ic~c Z.TOw
A4____

7100 1.20 1. 25 1815 100 138 _ 0 0

1.6 ~ .Lmir Level Shift

Poyer Wzt PC~r Ln-

5 4Woo
39000-

14. fro~ Oit Atebiity

Input Valtov Iput P~ve Oztplt lovet Turiatici

182 volts 98 3825 17Z:-5
~ vots 9 40-000

20 voits 98 015+2

1.8 Audio Distortion

U. ote___208 LieStxwtohua Vave Leath Q

19.. -0

10700.7
10 -OJ.- 10.5 1.75

NUO . _1 15 -

309w5 cyJA~l 0.-
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1.9 Spurious &Ad Ishmc &dA-ition

ftequmncy apuriou s ipal I&**! belae
hax0 iktt Crrim

25.c2nd Harmonic -86on

e.0 Output Lad Yatiata with 2-0. VBM

Lime Stroebei' output Balm fumattw 63Vt
Ibave Length Sbw batice gt. od. me Ii

0.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.1 _ _ _ _

0.2

2.1 U3izwoet

Aambt i ste

nowJW4
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401 L A ALWW Veen'12.

iTest hgne r C.* A. McMullen t __7262 _

Project A *R Clvean Date 7-.--- 62-

Acceptance test Spelication- CVA-405ai1063

Remarks (bibcusto squijment failures, ot 4, bere)~~ntNrle

PlAte %tun _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Jtu balun 1/4" fwd short up 51/2" from Iv*clex___

Detail Test Procedurwe is found In ____________t_________o

Acceptance Test Spec if ication _ CVA45-0l063

1.0 Tort Dae

Rua No.- Lin Jja olae__________

1.1 ~ rr~r teUsoa 126.0

1. Ioltin300b Ieutp. sbt Poe. W/2

1.3 ~awier Power input

Prequmy 126.0 .~~tfvr100- -

1.4i CrrIA W powver O-stput

Vrq m y126.0 4

F"u a 10
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-05 lag 1630 -18115 - c 13 J ' -

_____ 000 _J1.40 I1.145 18-155 1 i38 0 0

1.6 C r Lvel Shift

Pwicr Out Powe~r in

4000 100
90% roum~n4o00

1.47. Power Cut Stability

Input VOUtee xnput Power Output Povar Vari'ation

1w2 Valt 100 8o20

208 volts 100-- 4000

225 Voltt 100 4100 +100

1.8 Audio Distortion

"in Voltave 208 Lima Stsvt 0-= vavw LeathO-

71:-270 M

psDstortio 4=!-I Linx SPlatortlon rimr. c.
J1.O __ 9.7 .

-- --- ~c- ~:-4- -_

.8 7 8. ~
to 9~ .6 1.2 --

- -- 8. A

-4- p -10.25 1, A

- - - - - ---- - -----_ _ _ _ _ _ _ _ _
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I9 Bpwluiqs and armmic 3adslatico

-45D REC

252dHrmonic -10D

378 -3rd Har-montic -20

2.0 Output LQI Variatica vith 2:.l VBI

Lime Btrtcb output slia t

0.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.1 1/ 400 ____ 100o-

0.2 3600 _ 100

0.3 41/4 1.000 380100

0.5 5d2 4000 1-3600 9

A1.mpt ?ePature
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QU LICUR AUiLIFIM

test hgnee r ---- A. 0 J-MuLlen 10e-36

Acceptance Test Spec ifidat low -WCA-4i05-01063 - -

haiks (Discuss uiuutFluee.,br)+

Plate Tune - -- - -- - -

aria !T e _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Outpt blu-1/4' :fd 5 3/ Abort UP_

DtaL- Test Procedure Is tommd In -------_________________ o

Acceptainae Test OpecifIcat ia --- cua4050163

1.0 Test Data

Rim3 ga. 1Line Tote 208

1.1 Oriav F"eUem"12.

l.2 Isaio 0d eutm. Bht pos. /2

1.3 a-rrIe Poww Input

FrequecY. 128.0 Inpu-t Power 0

Input ,TMl 1.05 -- - a- 10

1.4 Carrier Power O4ut

Frequency 128.0 Diput lover 4_____W __

*atpvt Vm 1.011
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I. A*mer afficiency

H+ - -L

_________7400 .6 -65 11 o
carriewr

_________7050 1.A5 1.3 -115- -10950 0 -

________7000 1.394 -1.4 6 1 85 i4~18~

1.6 carrier Level Shift

rc.;i Out rover I'D

% £zc~ati~ ooo

1.7. Paor Cut Stehility

Input Valtace In*ut PWer output lOv Vez'lation

Ift vats 10037025

208 volts 100 4000 0

Svalts 100 150+15

1.8 Audlo Distortion

LIne Voltaca 208 L Setretohr 1Vae &tau-tb 0

______ ______10.5 -7

cS _ ---- --

10.0 07
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sFrqulsc Spuiou vaioca1 Level 3.1

107 ~ EEC.

121.5-63.5]fl EC.

256.02tidHarmoic -9.0 DB

2.0 OutputJA Loarlatlaa vIth 2:.- V81

Line Btrutbw output Trlm am 00~ "iut
W". Lebgth ohort Posica Mod. ~. Pavu' lop"

0.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.2 ___ __ 0-0_ _ __0_

0.3 ______

0.5 _______

2.1 Ewrmn

A-mbient ft--vatw-*--

Ablty_____________________________



J.08

test hgti r dt -C *Ag * MMulien te 736

Project 3nglnewr A .Ceead r~e_________

Aceptawe Test Specif icat Ion- _ A g405gl~j-

Remrks (ktuc.s Squipemeut Failures, etc., be" ) Unit Nmber 2

plate !u e _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Readjusted ou tp ainputbln1 fowd. Short 5 3/8" up

Dtail test Proce&we is tomad In ____________________o

Acceptance Test fpecif Ication - CVAJ&05"0163

1.0 test Data

1.1 Carri reqe 3.

1.2 Ioain30 db N Oba.rht POS. 1/2"

1.63 carier Pave input

Frequenc 130.0 Unput FavW03 100

Vnut T i-o0

Carrier Paver QztPA

fteuec 130. aftpu Powai 4000

1.01
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1.5 Aplifierv Iartienc

______ 7350 __ 6 .64 1815 10 -160- 0o

7000 1.2 6131 1815 110 13 0 0

_______~~~ 700 14 .46 -1815 19 130 -
7,0 _ _-01 No. -

1,6 awiTI Javel Shift

P~ *at i's3

wd bulatlb 400-

I.. Paor Wit atbllity

UVAliu Volta&e input P~vr ~ tu POWer VrOMAt1

w Va v3t* -100 3800 ~0

goYat 100 4000

225volts -100- 4150 - +150

1.8 A4$o Distartion

LIne Volta 20J8 Line1 Sttntob Veve Lwat 0

Vx;;5270.--F.5jOFu

- aor m -- - - mc
S1.1

2200 ~ ~ ~ UO - -25- -12
_ _ _ _- _____r%

12.0 1.
12.05 z TS-.90
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1.9 Spur'1o aA swol bramoilon,

Ftequuicy SprW10J Signal LeVOl Uels

iQ8~h .4.5. db lRec

-64f.5 db Rec,

3w3i Harmonic .-80db

.6 liamonic -2d

2.0 &*put L6d VwIatiaan with 2: 1 VSM

Li.. stratcW **tPut *% Mtte 0mr

0.1 _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.5-_ _ _ _ __ _ _ _ _

2.3 n1r.



No LM "aMZw~

?eut ~ ~ ~ 01.W bgnr .A.MIuln t 736

AesiptAw 1*ot smcilficatiom CA45-16

smirks (fiscuse squiput ranwres, e* t __nt ~ibe

PlAte Yt _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

WidYm _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Output ba-lun mx, back poition. Short 1 /4i" frau bottom_ _

paten1 Ilept Proce4'Wo is towd ina ------ ____________-____-

Acetw TegA Opelijai CVAJ"4O'1063

1.0 Veot Bat

sto0. 1M -TLm oxtase 2

1.1 OUTlW rqee 13.

1.2 3ejNto-30d ut,. SU~t "O 1/2#"

1.3 1-10"Pm Ipu

Prequsocy 132.0 Ipt~ 0

put YM 1.0131

Cnviw love. OAVAt

"z'amaW 132.0 apu 400I

bta V" 1.011



1.5 Amplifie Eff ZtieY

_ _ _ B-
_ _ _4-1-1

7400 6 .65 85 10 -160 0 0

~nr 7-100 1.2 1.30 18-15 109 138 0 0
-1 - - - -85

Ih6llaioa 7100 1.3-6 1.45 185 150 18 -

90$ moaulatica 
-O_

1.7. loer *At Stebilty

3.82 voltso 100 30

208 yo3Q 100 4000 ----0__

225 -valts 100 -_4150

1.8 Audgo Distortiam

Line ~~~~ 208LieSethrVw ah 0
LIM-27 -ODC -- um2( PlusW&

10 0 12.25-..2

.0.0 -12.5

____ ____ ____ ____12.5

9. Pi3._

__10.7 - _

2200cps -
1075 T



l*9 Spurico at swoomc hdan

1102455d Red.

1?5 ~-4.5dbRec.

396 3d Haronic 8mow

2.0 btp* Lad ariat1.m vitk Lft I

0.0__ _ _ _ _ ___ _ _

0.2 ___

0.3

0.5 __ __ _ __ _ 04-

2.1 hvlWIN-



40n LmDA AawL

ProjectIziee.RCeeadtS 726

Afteptace 'Not Spectfticatico -CVA45016

minks (Dscss31mt failuwes, ec.,beeUitNuer

Puat Tr. _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.00 Yf" Data

1.2 Ioltlai ) 0 db 3utw. ohm$t Peg 12

1.3 am"Wo ?suW Up"t

?aqq~uincy 1314.3 nt 10

Inpu YS 1.0

IA amnesw Pow Qatpu
Vrem 134.3 QApu w 4000

1.051



1.5 Amplifier Zttlclecy

7-300 .6 .62 18,15 10 160 0 0

Crir7100 1.22 1.29 1815 105 138 00

Silatoc 750 134 -1.41 1815 10 38 0 0

1.6 Wrrier level Sft

PWAr oat Power ID
400010

S3700 -

I..~P cuer~t stabiliUty

InPut Volta& lop"t ?wt output lover Veriaim

182 valts 100 3800 400

~oe~.ts100 4000 -

~2-volt$ _100 4100 +0

Line Votap 0 Line Stretchw Vlaw Uat b

%r-umy0 Distortio - .1Linar- DiftartionWteeo

7.4 - L0.0

_____ ____ ___ ~ 9. ___ ___0

___ ___ ___ __ __ ___ ___ __ ___ ____1_o1



1.9 Bpurimsa &Ai Nu~mS. htdJtlaa

WwK vatt Cu3T1w

"46 Ec.

AM78---- -~ Rec .

-81dbgee.

2%d4 1[monic F.70db

40W 3r d HaMnic
2.0 Q-timt L~ma1 lerlatcm vitb 2:1 VM

U BUtctbor 066"t A". ftm

bAO engath $W% FosiiM" VAN*. b. 1~

01.0 ___ __ __ __ __ _ __ __ _ __ _

0.32 -

0.4

2.3 hv0m0
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40 LOWAI MM

Acceptawo est Opec1ficati - VI0-316 U---nit Number 2

MAmarks (Diucuss 3quiyast ftilure, tc , ber. WVTrantsistors- Aasta~L

PIAe 'Na in screaup-M-- -9.

Balun Max Back

Detail Test Procodw*r is fowi& Ism, _____________________ o

1.0 Test DNA

Run 5O. 2 Lin Voltav 20

1.1 ow.rr Pz"Uu 36.

1.2 Imolati~ >3 b mtw t Pos.

Freuicy 136.0 Input PowerlOwat

Input vm 1.-5/1__ _ _ _ _ _ _ _ _ _ _ _

1.4 crl~w PwwM ftput

Frequmqme ___ 36,.0 &*put Pw 4ooo

~tpu VB1.01/1 ..... _____________



______ 714.00 .55 .6o 1820 12 161 0 0

~u.I -j -- -

1.1___ 1.35 *A11 182a17 13 0

5f vatsti

1.7 Ve 400 Stabili00

225e valts dm100 120

1.8 AUdio Distortion

Line voltage 208 Line Stretcher Viny. Iaugth 0

% Dstotin la m % Diuttcn Dferro
7.0 11.0.

S.0

H-.2 gm_
_____ ____ _____ _ 8A
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1.9 Spwrl*u and Umm htdlatlco

lt~quicyspurious sival Zawl balm

130 -2db ec.6

&6 .4db Rec.-

52 -81b Rec.

118 78db Eecdo

127 -64db Rec.

213 "65db Ec
273 2nd Harmioftie 6.

2.0 *Atput Load Vwalam vltb 2: 1 T"

LI. Strotcbr capbA S&L= T t m 'w
UmSOI Leugtb bthe Poaltias a .6 3 too

0.0 --

0.1 31/2". 4000 360 95------

0.2 -41/1 000 3700 100

0.3 6"1 410030

0.A 4 3/4" 4000 3709

053 1/4" 4000 3650 100

lom



PART V
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FIGURE 4 -FOUR KW AMPLIFIER, FRONT VIEW
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AM"PL IFTER, LXpOSED FRONT Vj.EW
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4A a

IXm=-w

FIGURE 6 -RF UNIT, FOUR KW AMPLIFIER
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4i4

FIGURE 7 -PLATE TANK CIRCUIT, RF UNIT



T 2

A fll0

~ 4 5.

'i:t1

FIGURE 8 -GRID TANK CIRCUIT, RF UNIT
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1.il

111

'Si
IIl

FIGURE 9 - REAR LEFT HAND COMPARTMENT
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FIGURE 10 - HARMONIC FILTER



412

Itt

FIGURE 11 -REAR RIGHT HAND COMPARTMEN
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FIGURE 12 SCREEN VOLTAGE SUPPLY
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0 0

R610

CK60V

L601
W-7-

lC601 C602

. .. . .........

FIGURE 13 BIAS VOLTAGE SUPPLY


